Introduction
Alzheimer disease (AD) has been recognized as a progressive neurodegenerative disease with the common clinical manifestations of cognitive loss, problems with language, disorientation, loss of motivation, inability to perform self care, and the other neuropsychiatric and behavioral issues. [1, 2] Moreover, AD is a major cause of dementia, which is reported to account for approximately 60% to 70% of dementia cases. [2] In developing countries such as China, evidence from epidemiological studies suggested that AD has become the fourth leading cause of death in the elderly, surpassed only by heart disease, cancer, and cerebrovascular disease. [3] Therefore, AD has become a serious cause for the morbidity and mortality of the elderly in both developed and developing countries.
In contrast to the growing burden of AD-related health problems, effective strategies for the prevention and treatment of AD are rare. It has been indicated that patients suffering from AD are vulnerable to abnormalies in behavioral and psychological symptoms, such as depression, irritability, agitation, aggression, and delusions during the overall course of the disease. [4] Accordingly, large numbers of prescriptions for antipsychotic and antidepressant drugs are dispensed to control the behavioral and psychological symptoms in patients with AD. However, the overall benefits of these medications are still under debate, because these antipsychotic and antidepressants drugs have the potential to cause serious side effects, such as metabolic disorders and stroke related mortality. [5] On the contrary, increasing evidence suggests that nonpharmacological treatment for XM and ML designed the study. JHL and MLG codesigned the study. YZ assisted in designing the study. ML wrote the paper. JHL and WJL cowrote the paper. All authors read and approved the manuscript. dementia associated with AD and other diseases may be optimal for the relieving of the physical and psychological symptoms, and more importantly, do not have serious adverse effects. [6] Currently, various nonpharmacological treatments are used for the treatment of AD-related dementia, including behavioral intervention, music therapy, multisensory stimulation therapy, and reminiscence therapy, [7] of which, reminiscence therapy is suggested to be of great potential. [8] According to the definition from the American Psychological Association, reminiscence therapy is defined as the use of life histories-written, oral, or both to improve psychological well-being. [9] Since the first performance of reminiscence therapy in 1963 by Butler, reminiscence therapy has now been applied in patients with chronic conditions, depression, and dementia from Western countries, Japan, Taiwan, and other regions of the world. [10] [11] [12] [13] [14] [15] [16] [17] [18] Results of some pilot clinical trials have indicated the efficacy of reminiscence therapy for the improvement of cognitive function and overall quality of life, particularly the emotional function and overall happiness in these patients. [19] [20] [21] [22] [23] [24] However, in developing countries like China, reminiscence therapy is performed based on the judgment of the physician, and the evidence-based efficacy of reminiscence therapy in these patients remains to be determined. Therefore, we designed this randomized parallel-design controlled trial to evaluate the efficacy of reminiscence therapy on the cognitive, emotional, behavioral and psychological symptoms, as well as daily living ability of patients with AD. Results of our study may provide primary scientific evidence for the using of reminiscence therapy in AD-related dementia in China.
Main objective
This study aims to assess the effects of reminiscence therapy on cognitive, emotional, behavioral, and psychological symptoms, daily living ability, and other aspects in patients with mild and moderate AD in addition to conventional drug treatment.
Methods/design

Study design
This randomized parallel-design controlled trial will be conducted in the Beijing Geriatric Hospital of China. A total of 90 patients with AD will be recruited and randomized into 2 groups: intervention and control group (n = 45 per group). Random number sequences will be generated by a statistician using SAS software, and sealed envelopes will be used for randomization. The statistician who randomly assigned the participants will not be responsible for the enrollment of subjects, and another independent statistician will be responsible for uncovering at the end of the trial. In the intervention group, along with conventional drug therapy, the patients will be subjected to reminiscence therapy for 35 to 45 minutes each time, and 2 times/wk for 12 consecutive weeks. The patients in the control group will undergo conventional drug therapy. The primary outcome will be changes in Alzheimer Disease Assessment Scale-Cognitive section (ADAS-Cog) scores in patients from each group, and the secondary outcomes are the changes of Cornell scale for depression in dementia (CSDD), Neuropsychiatric Inventory score (NPI), and Barthel Index (BI) scores. Evaluation will be performed before treatment, at 4 and 12 weeks of treatment, and 12 weeks after treatment.
Study participants
Patients with mild-to-moderate AD from Beijing Geriatric Hospital, China.
Inclusion criteria
Patients presenting with all of the following criteria will be considered for study inclusion.
Men and women aged 65 to 89 years. Diagnosis of probable or possible AD based on the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association criteria. [25] Mild to moderate stage of dementia based on the clinical dementia rating score between 1.0 and 2.0. Informed consent provided by the patient and/or their legal guardian.
Exclusion criteria
Patients with any of the following conditions will be excluded from this study.
Diagnosis of cognitive impairment caused by vascular dementia, Lewy body dementia, frontotemporal dementia, Parkinson disease dementia, and other diseases except AD. Severe hearing loss. Serious communication barrier. Comorbidities of acute infection, trauma, myocardial infarction, and other emergencies.
Withdrawal criteria
Patients who meet either of the following criteria will be withdrawn from this study.
Complications that affect efficacy judgments or onset of disease that may affect outcomes. Use of other therapies to increase the speed of recovery.
Recruitment
Outpatients and inpatients in the Dementia Unit will be recruited by dementia specialists. Potential participants will be able to contact the project manager via telephone and email.
Baseline assessment
The baseline information that will be collected is shown in Table 1 (Additional file 2).
Group assignment
Patients will be randomized into control and intervention groups, and the randomization concealment will be achieved by using the sealed envelope. A code will be written on each envelope. When participants meeting the inclusion criteria are included in the trial, they will be assigned a number. The envelope with the corresponding number will be opened, and the participant will be assigned to a group indicated in the envelope. The treatment protocol for each participant will be determined by a random sequence generated by computer. Patients and the outcome evaluators will be blinded to the group assignment.
Interventions
Patients from both groups will receive conventional drug therapy, such as memantine, donepezil, and basic treatment for physical illnesses, diet guidance, and daily life care. The intervention group will be treated with reminiscence therapy in conjunction with conventional drug therapy the same as for the control group. For the intervention group, a grouped-based reminiscence treatment will be performed. Briefly, each 6 to 8 people from the treatment group form a subgroup, and with the guidance by a psychotherapist and 2 nurses, the group reminiscence treatment will be applied for 30 to 45 minutes per each time, 2 times/wk for 12 consecutive weeks. The specific operational procedures for the reminiscence therapy are the following: Memories trigger with a variety of tangible stimuli to trigger memories of patients with AD. Many of these tangible stimuli may be patient's albums, letters, and beloved items; family life supplies; drama; music; historical stories, and other stimuli, which will be obtained by the psychotherapists and nurses from the family members or insiders before the formal reminiscence treatment is started; Memories evoked, which also means memory extraction. Patients with AD usually have significant short-term memory impairment, whereas the long-term memory is relatively preserved, so memory extraction often point to patient pairment, whereas the longterm memory is relatively the formal reminiscence designed to gradually delve into the 12 reminiscence topics, which include diet and cooking, family relationship and early memory, old house, wedding, personal collection, working conditions and environment, songs and music, old movies, life for the first time, change and loss, celebrations, and wishes; Presentation of the memory-elders suffering with AD show different narrative styles. Some patients will only repeat the same story fragments, whereas others talk about a wide range of life themes and make some comments. Other patients can only give a brief description of the self-story. Therefore, medical staff need to make all the patients, as much as possible, directly involved in the interview to make the contents of the patient's story integrated, which is the most basic part of reminiscence therapy; Memories of sharingrepeat reading and discussion of the recalled story, to receive the benefits of reconstruction. Because AD patient's memories are often fragmented, the patient's memories will be digitally recorded, transcribed, edited, and modified so that these story fragments are reconstructed into a coordinated, coherent whole.
Evaluation of efficacy
The reminiscence therapy's efficacy will be evaluated by 2 attending physicians from the Dementia Unit using a specially developed assessment manual before treatment, at 4 and 12 weeks of treatment, and 12 weeks after treatment.
Primary outcome measure
The primary outcome is defined as the difference in ADAS-Cog scores before treatment, at 4 and 12 weeks of treatment, and 12 weeks after treatment. The ADAS-Cog, developed by Rosen et al, [26] is a scale to assess cognitive function of patients with mild to moderate AD, and examines multiple cognitive domains including memory, language, praxis, and orientation. The ADASCog has been well applied in trials of symptomatic treatments for mild-to-moderate AD, and its reliability and detection effectiveness have been confirmed to be acceptable by many clinical studies. [27] [28] [29] Overall, it is widely used as an outcome measure in clinical trials that evaluate the cognitive changes of AD. [30, 31] 3.12. Secondary outcome measures 3.12.1. Cornell scale for depression in dementia. The CSDD, developed by Alexopoulos et al, [32] is a valid tool for identifying depressive symptoms in patients with cognitive impairment, particularly with AD. Moreover, the validity of the CSDD has been successfully investigated and substantiated, including crossculturally. [33] [34] [35] The CSDD contains 19 questions, each of which can be given a score ranging from 0 (absent) to 2 (severe). The scale is divided into 5 subscales, including mood-related signs, behavioral disturbances, physical signs, cyclic functions, and ideational disturbance.
3.12.2. Neuropsychiatric Inventory. The NPI, developed by Cummings et al, [36, 37] is the most widely used rating scale for psychiatric and behavior symptoms in neurologically impaired patients. The NPI examines 10 subdomains of behavioral functioning, including delusions, hallucinations, agitation/aggression, dysphoria, anxiety, euphoria, apathy, disinhibition, irritability/lability, and aberrant motor activity. Each factor will be rated for severity (0-3 points) and symptom frequency (0-4 points). The scoring index will include factor scores (frequency Â severity) for a total score (0-144 points). Higher scores represent more severe neuropsychiatric symptoms. The NPI has satisfactory validity and reliability in patient settings with high scores for content validity across all items. [36] 3.12.3. Barthel Index. This scale measures performance in activities of daily living using 10 variables, including fecal incontinence, urinary incontinence, grooming, toilet use, feeding, transfers (e.g., from chair to bed), walking, dressing, climbing stairs, and bathing. Administration of the test usually takes between 5 and 10 minutes. The scale yields a score of 0 to 100 and is interpreted as followings: ≥95 points, completely independent; 75-94 points, mildly dependent; 50-74 points, moderately dependent; 21-49 points, severely dependent; and 20 points, completely dependent. [38] 
Trial timeline
The schedule of outcome measurement assessments is shown in Table 2 (Additional file 3). The trial flowchart is shown in Figure 1 (Additional file 4).
Monitoring plan
An inspector will conduct an audit every 2 weeks. In the early stage of the trial, the inspector will obtain the clinical trial application; prepare trial protocols, clinical evaluation reports, and information consent forms; select qualified researchers; obtain institution ethics committee/institution review board approval; complete personnel training; and identify the protocols. During the trial, the inspector will focus on monitoring the test schedule, ensuring that informed consent is obtained, reviewing the case report forms, verifying the source data, assisting in creating reports regarding adverse events and serious adverse events, filing documents, and evaluating trial implemen- tation. In the later stage of the trial, the inspector will guide the researchers in completing the necessary trial documents according to regulations and explain the responsibilities to the researchers after the trial. outcome between the 2 groups after treatment. Given m a = 0.05, m b = 0.10, standard deviation (s) = 15, and tolerance error (d) = 10, we calculated a final effective sample size for n 1 = n 2 of approximately 33 per group using the sample size estimation formula. Secondary outcome required sample size: The secondary outcomes were evaluated by CDSS, NPI, and BI, respectively. According to the previous literature data, the required samples were calculated in 32 cases, 28 cases, and 39 cases for each group, respectively. According to the above data, the maximum value of 39 cases for the required sample size. If we assume a patient loss rate of 15%, we will require n 1 = n 2 = 45 patients per group. Therefore, we decided that a sample size of 45 patients per group will participate in the trial.
Validity evaluation.
A database will be established using EpiData 3.0 software. Statistical analyses will be performed using SPSS 13.0 software (SPSS, Chicago, IL). Continuous data will be expressed as the mean± standard deviation. The data between groups will be compared using repeated measures analysis of variance. Qualitative data will be compared using the chi-square test.
The significance level will be a = 0.05, and 2-sided tests will be used.
Data management
Case report forms will be completed by clinical researchers, who will ensure accurate, complete, and timely data entry. Electronic data will be uploaded into EpiData 3.0 software (Epidata Association, Odense, Denmark). After checking the data, the database will be locked by the main investigator. Locked data will not be changed. The data will be statistically analyzed by statisticians. The published data will be publicly available at www.figshare.com.
Feasibility analysis of the present study
The reminiscence therapy approach has several key advantages. Firstly, for individuals suffering from AD, it is noninvasive, safe, with a low risk of side effects, and is generally accepted by patients. Secondly, the reminiscence therapy does not involve complex psychotherapy techniques. Therefore, it is easy to grasp by nurses or caregivers. Thus, reminiscence therapy has a great potential for clinical application.
Quality control
The investigator and other staff involved in the study will perform their duties, strictly follow the clinical trial protocol, and adopt standard operating procedures to ensure the implementation of the quality control and quality assurance systems. During the clinical trial, all observations and findings will be verified, and quality control will be conducted at each stage of data processing to ensure that the data are complete, accurate, authentic, and reliable. Original documents and case report forms will be examined with a focus on compliance, integrity, consistency, and severe adverse events. Severe adverse events will be reported to the ethics committee within 24 hours. Documents submitted to the ethics committee during the trial will contain test plan amendments, informed consent amendments, severe adverse event reports, and participant recruitment advertisements (if adopted).
Ethical requirements and informed consent
The protocols have been approved by the Ethics Committee of Beijing Geriatric Hospital of China (approval number: 2015-010). Written informed consent will be provided by the patients or their guardian after they have indicated that they fully understand the treatment plan. This article adheres to the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) (Additional file 1).
Direct access to source data and files
The participants will authorize test monitors, inspectors, and the ethics committee to have access to the original medical records directly by informed consent for the verification of test procedures or test data. These authorized persons will abide by the confidentiality requirements. 
Contents in the clinical trial report
Confidentiality
The results and protocols will be held strictly confidential by researchers. Publication of any data will be forbidden unless the sponsor authorizes it. The information provided by the sponsor, such as the protocols, design, results, data collection, case report forms, and informed consent documents will be kept confidential. No person, other than an authorized researcher, may access these documents.
Publication agreement of test results
Test results can be published by sponsors and authorized researchers.
Responsibilities
The ethics committee will agree on a clinical trial to ensure the rights and interests of the participants in accordance with existing data and cognitive levels. A clinical trial institution will have the ability to monitor and organize trials. The investigator will ensure that all participants are fully aware of the protocol, relevant regulations, the characteristics of the medical instruments, and their responsibilities associated with the test. The investigator will ensure that the number of participants is sufficient, the participants are in accordance with the inclusion criteria, there is sufficient time in the test period, and the trial will be compliantly and securely implemented and completed. The sponsor is responsible for the safety and authenticity of the medical devices used in the trial and will ensure that all investigators conducting the trials adhere to the clinical trial protocol. 9. Discussion
Results
Trial status
Significance of this study
Reminiscence is of potential to become a nonpharmacological therapy for the elderly who suffer from cognitive dysfunction, and patients with AD, for the following reasons. Firstly, reminiscence has been described as "the volitional or nonvolitional act or process of recollecting memories of oneself in the past," [39] and is a process of recalling and re-experiencing one's life events. Moreover, this process itself will help the elderly to extract and repeat and thereby strengthening personal memories. Therefore, it is very suitable for the elderly with AD. [40] Secondly, many studies reported that reminiscence therapy may help alleviate depressive symptoms in the elderly suffering from depression [41] [42] [43] [44] [45] or cancer. [46] The elderly with AD often have depressive symptoms, and the overall incidence of behavioral and psychological symptoms is reported to be as high as 70% to 90% at specific stages of AD. [47] Therefore, reminiscence therapy has a positive effect not only on cognitive function, but also on emotional functions for the elderly with dementia. [16] Furthermore, compared to conventional drug treatment, reminiscence treatment has no severe side effects. [48] Compared to other kinds of nonpharmacological therapy, such as cognitive therapy, reminiscence treatment is easy to perform by a therapist or nurse who has been trained. [49] 9.2. Innovation of this study Firstly, most similar previously published studies were performed in dementia patients. [11] [12] [13] [14] [15] [16] 18, 21, 24] However, dementia itself is a clinical syndrome, the causes of which includes AD, vascular dementia, Lewy body dementia, frontal temporal leaf disease, and other different pathogenesis of diseases. The different underlying background diseases in patients of dementia may be the important confounding factors that affect the overall therapeutic efficacy of certain treatments for dementia. For example, the characteristics of Lewy body-related dementia is the existence of cognitive function fluctuations, regardless of treatment or not. [50] Therefore, this study included patients with dementia with AD only, with the purpose of eliminating the pathological heterogeneity of dementia on the effect of intervention.
Second, most of the previous studies used the mini-mental state examination (MMSE) scale for cognitive function evaluation as the primary indicator. However, some items of MMSE may not be sensitive for the evaluation of cognitive function in dementia patients with mild AD. [51] Thus, in this study we used ADAS-Cog to evaluate cognitive function, which is more widely used as a standard tool in pivotal clinical trials to detect therapeutic efficacy in cognition. [52] Thirdly, in this study, CSDD, NPI, and BI are also used to evaluate the effects of reminiscence therapy on the mood, behavior, and psychiatric symptoms, as well as daily living ability of patients with AD. Because of the lack of relevant research reports in China, this study may be the first clinical trial of group reminiscence intervention for people with AD in China. Results of our study may provide additional information on the potential efficacy of reminiscence therapy on cognitive function in dementia patients with AD.
Evidence for contribution to future studies
The aim of this study is to evaluate the effects of reminiscence therapy on cognitive, emotional, behavioral, and psychological symptoms, and daily living ability of Chinese elderly patients with mild and moderate AD. Despite reminiscence therapy being widely used in Western countries, it is often used as an empirical application in China. The evidence-based efficacy of reminiscence therapy in patients with AD-related dementia remains to be determined. In addition, as the Chinese elderly are different from Western elderly in cultural background, values, and expression, it is necessary to verify the efficacy of reminiscence treatment in elderly Chinese patients with AD. The data and results will contribute to the efficacy of nonpharmacological interventions in AD of elderly Chinese.
